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Abstract 24 
The aim of this study was to evaluate the factor structure of the Baby Eating Behaviour 25 
Questionnaire (BEBQ) in an Australian community sample of mother-infant dyads.  A 26 
secondary aim was to explore the relationship between the BEBQ subscales and infant 27 
gender, weight and current feeding mode. Confirmatory factor analysis (CFA) utilising 28 
structural equation modelling examined the hypothesised 4-factor model of the BEBQ. Only 29 
mothers (N=467) who completed all items on the BEBQ (infant age: M=17 weeks, SD=3 30 
weeks) were included in the analysis.  The original 4-factor model did not provide an 31 
acceptable fit to the data due to poor performance of the Satiety responsiveness factor. 32 
Removal of this factor (3 items) resulted in a well-fitting 3-factor model. Cronbach’s α was 33 
acceptable for the Enjoyment of food (α=0.73), Food responsiveness (α=0.78) and Slowness 34 
in eating (α=0.68) subscales but low for the Satiety responsiveness (α=0.56) subscale. 35 
Enjoyment of food was associated with higher infant weight whereas Slowness in eating and 36 
Satiety responsiveness were both associated with lower infant weight. Differences on all four 37 
subscales as a function of feeding mode were observed. This study is the first to use CFA to 38 
evaluate the hypothesised factor structure of the BEBQ. Findings support further 39 
development work on the Satiety responsiveness subscale in particular, but confirm the utility 40 
of the Enjoyment of food, Food responsiveness and Slowness in eating subscales.  41 
 42 
Keywords: Eating behaviour; Infant feeding; Infant weight; Breastfeeding; Confirmatory 43 
factor analysis 44 
45 
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Highlights 46 
 The factor structure of the BEBQ was tested via CFA in 467 mothers of 4 month olds  47 
 The hypothesised 4-factor model was a poor fit in this sample  48 
 Removal of Satiety responsiveness factor resulted in a 3-factor model with good fit 49 
 Enjoyment of food, Food responsiveness and Slowness eating factors were reliable50 
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Introduction 51 
Nutrition and growth in early life are associated with subsequent risk of obesity and chronic 52 
disease (Leunissen, Kerkhof, Stijnen, & Hokken-Koelega, 2009). Four systematic reviews 53 
(Baird et al., 2005; Fisher et al., 2006; Monteiro & Victora, 2005; Ong et al., 2006) have 54 
described consistent associations between rapid infant weight gain and obesity risk in 55 
childhood and later life. Rapid infant weight gain is also independently associated with 56 
increased adiposity, central fat mass, and cardiovascular risk factors, including insulin 57 
resistance in early adulthood (Ekelund et al., 2006; Leunissen, et al., 2009; Ong & Dunger, 58 
2004). Energy intake, more so than physical activity, is a key determinant of weight gain in 59 
infancy (Ong, et al., 2006; Stunkard, Berkowitz, Stallings, & Schoeller, 1999). Although 60 
infants may be born with the capacity to self regulate their energy intake (DiSantis, Hodges, 61 
Johnson, & Fisher, 2011), genetic and environmental factors (Lillycrop & Burdge, 2011) 62 
contribute to variability in infant appetite (Parkinson, Drewett, Le Couteur, & Adamson, 63 
2010) and eating behaviours (Llewellyn, van Jaarsveld, Johnson, Carnell, & Wardle, 2010) 64 
which may have consequences for food intake and subsequent rate of weight gain.  65 
Although individual differences in eating behaviour are evident in infancy, research has 66 
predominantly focussed on eating behaviours in childhood (>2 years) and beyond. Indeed, 67 
the study of children’s eating behaviours throughout childhood has emerged as an important 68 
avenue for investigation in the area of child obesity prevention and treatment. Both carer-69 
report questionnaire (Wardle, Guthrie, Sanderson, & Rapoport, 2001) and observational 70 
methods (Carnell & Wardle, 2007) have consistently indicated that eating behaviours 71 
characterised by high food responsiveness (i.e., high ‘food approach’ behaviour) and poor 72 
satiety responsiveness (i.e., low ‘food avoid’ behaviour) correspond with higher weight status 73 
in children (3-12 years of age) (Birch & Fisher, 1998; Carnell & Wardle, 2008; Sleddens, 74 
Kremers, & Thijs, 2008; Webber, Hill, Saxton, Van Jaarsveld, & Wardle, 2008). Given the 75 
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practical limitations associated with observational studies of eating behaviours, the 76 
predominance of the validated parent-report tool, the Children’s Eating Behaviour 77 
Questionnaire (CEBQ) (Wardle, et al., 2001), has arguably made a substantive impact on the 78 
proliferation of research in this area. However, until recently there was no equivalent tool for 79 
use in children under 2 years of age. 80 
The Baby Eating Behaviour Questionnaire was developed by Llewellyn and colleagues 81 
(2011) to address the need for a reliable tool to measure eating behaviours of both breastfed 82 
and bottle-fed infants. Constructs reflective of ‘infant appetite’ were based on (stage 83 
appropriate) existing subscales of the CEBQ, a review of the literature and interviews with a 84 
small sample (n=10) of mothers with infants <6 months. Both a concurrent and retrospective 85 
version of the questionnaire have been developed 86 
(http://www.ucl.ac.uk/hbrc/diet/resources.html) in order to assess infant appetite specifically 87 
during the milk-feeding stage of the first few months of life. The final 18 item BEBQ 88 
(retrospective version) was completed by families participating in the Gemini birth cohort 89 
study (Van Jaarsveld, Johnson, Llewellyn, & Wardle, 2010) and data on one randomly 90 
selected twin (mean age 8, SD=2 months) was then included in a Principal Components 91 
Analysis (PCA). Based on the PCA, four constructs emerged on which 17 items loaded: 92 
Enjoyment of food, Food responsiveness, Slowness in eating and Satiety responsiveness. An 93 
additional item (My baby has a big appetite) cross-loaded on all four factors so was deemed 94 
as an indicator of ‘general appetite’.  The labelling of the four subscales of the BEBQ 95 
corresponds with two ‘food approach’ subscales of the CEBQ (Enjoyment of food and Food 96 
responsiveness) and two ‘food avoidance’ subscales of the CEBQ (Slowness in eating and 97 
Satiety responsiveness). 98 
Based on the available literature to date, the proposed factor structure of the BEBQ derived 99 
from PCA in the Gemini birth cohort (Llewellyn, et al., 2011) has not been validated using 100 
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the 'gold standard' method of Confirmatory factor analysis (CFA). The CFA method has been 101 
used previously to evaluate the acceptability of the CEBQ (Wardle et al., 2001) factor 102 
structure in diverse populations (Mallan et al., 2013; Sparks & Radnitz, 2012) and is comonly 103 
used in the context of childhood obesity research (e.g., Child Feeding Questionnaire; 104 
(Francis, Hofer, & Birch, 2001). Thus, the aim of this study was to evaluate the hypothesised 105 
factor structure and internal reliability of the concurrent version of the BEBQ in an Australian 106 
sample of mothers with young infants in the exclusively or predominantly milk-feeding stage. 107 
We also aimed to explore associations between the BEBQ subscales and infant gender, 108 
weight and feeding mode. No specific predictions regarding infant gender were made, 109 
however it was predicted that ‘food approach’ subscales may be associated with higher infant 110 
weight whereas ‘food avoid’ subscales may be associated with lower infant weight. It was 111 
also predicted that infants exclusively or fully breastfed would score lower on ‘food 112 
approach’ subscales and higher on ‘food avoid’ subscales.  113 
  114 
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Methods 115 
Study design and participants 116 
This study reports analysis of data collected as part of the New Beginnings: Healthy Mothers 117 
and Babies study – a prospective, observational study. Participant recruitment and methods 118 
have been described previously (de Jersey, Nicholson, Callaway, & Daniels, 2012). In brief, a 119 
consecutive sampling framework was used to recruit eligible pregnant women receiving 120 
antenatal care at the Royal Brisbane and Women’s Hospital (RBWH) between August 2010 121 
and January 2011. Two recruitment strategies were implemented: (1) an information sheet 122 
was sent by Maternity Outpatients administrative staff to all women receiving antenatal care 123 
at the RBWH and (2) a consecutive sample of eligible women was also approached in the 124 
waiting room of the antenatal clinic by a researcher. Eligibility criteria included ≥18 years of 125 
age, no pre-existing type 1 or 2 diabetes and sufficient language skills to complete 126 
questionnaires in English. Women who miscarried or went on to deliver an infant preterm (≤ 127 
32 weeks completed gestation) and/or with major health concerns were later excluded. In 128 
total 664 women receiving antenatal care at the RBWH consented to participate and provided 129 
at least some baseline data, representing a 63% response rate. Due to ethical restrictions it 130 
was not possible to collect data from women who declined participation. Participants were 131 
broadly representative of the Queensland obstetric population for age, marital status, 132 
ethnicity, parity and anthropometric characteristics (Health Statistics Centre, 2011). 133 
Data were collected at four time points, including at approximately 16 weeks gestation (T1), 134 
36 weeks gestation (T2), upon delivery (T3) and four months post-partum (T4). T1, T2 and 135 
T4 consisted of self-administered questionnaires. Follow up calls were provided to women 136 
who did not return a questionnaire within a 2-4 week period. T3 data were collected from an 137 
obstetric database. Retention at T4 was 77% (n=513). Based on status at T4, non-completers 138 
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were younger (28 vs 30 years, p=0.002), less likely to have a university education (34% vs 139 
47%, p=0.025), more likely to be born overseas (22% vs 14%, p=0.020) and less likely to be 140 
married or in a defacto relationship (88% vs 95%, p=0.005) than completers. There were no 141 
differences between completers and non-completers in terms of self-reported maternal pre-142 
pregnancy weight status (p=0.91), other children (p=0.74) or infant gender (p=0.44).  143 
Ethical approval was obtained from the RBWH (HREC/10/QRBW/139) and Queensland 144 
University of Technology (1000000558) Human Research Ethics Committee.  145 
Measures 146 
Baby Eating Behaviour Questionnaire (Llewellyn, et al., 2011) 147 
The BEBQ is an 18 item questionnaire with 17 items designed to measure four aspects of 148 
infant feeding behaviour and a single item measuring general appetite. Mothers are asked to 149 
respond according to how they would describe their baby’s feeding style at a ‘typical daytime 150 
feed’. Response options range from never (1) to always (5). Scoring requires calculation of 151 
mean scores for each subscale with higher mean scores indicating greater reported expression 152 
of the feeding behaviour. The four distinct factors are Enjoyment of food (4 items; e.g., My 153 
baby seems contented while feeding), Food responsiveness (6 items; e.g., My baby frequently 154 
wants more milk than I provide), Slowness in eating (4 items; e.g., My baby takes more than 155 
30 minutes to finish feeding) and Satiety responsiveness (3 items; My baby gets full up 156 
easily). A full list of the items including two reverse scored items appears in Table 1. The 157 
factor structure of the BEBQ was established via PCA (Llewellyn, et al., 2011). Internal 158 
reliability estimates of the four factors in the original development paper were acceptable 159 
(Cronbach’s α=0.73-0.81). 160 
Participant characteristics 161 
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Socio-demographic data were collected at first participant contact (T1), including maternal 162 
age, marital status (dichotomised into married/defacto vs other), education level 163 
(dichotomised into university education vs no university education), total household income 164 
(response options: $0-20,000; $20,001-35,000; $35,001-50,000; $50,001-70,000; $70,001-165 
100,000; more than $100,000), ethnicity (Australian vs other) and parity (previous live births 166 
– yes vs no). Mothers’ height was measured at T1 and pre-pregnancy weight was self-167 
reported. From these measurements pre-pregnancy BMI was calculated. Infant gender and 168 
birth weight were obtained from hospital records (T3). Infant weight was self-reported by 169 
mother at T4, also indicating the date this weight was obtained and place of measurement. 170 
Infant weight-for-age Z scores were calculated based on infant gender, weight and age at the 171 
reported time of weight measurement using the software program WHO Anthro version 3.0.1 172 
(World Health Organisation, 2006). Mothers reported whether their infant had ever been 173 
breastfed (yes vs no) and whether the child had ever been given solid or semi-solid food (yes 174 
vs no). For analytical purposes, feeding mode at four months (T4) as reported by mothers was 175 
divided into three categories: (1) exclusive breastfeeding or fully breastfeeding, (2) formula 176 
feeding only and (3) mixed feeding (combination of breastfeeding and formula feeding).  177 
Statistical Analysis  178 
Confirmatory factor analysis using structural equation modelling (IBM AMOS V.21) 179 
tested whether the 17-item, 4-factor BEBQ model hypothesised by Llewellyn et al. (2011) 180 
was a good fit to the data. Model specifications included correlated factors, uncorrelated error 181 
variances, and the variance of the first item on each factor fixed to one. The path diagram for 182 
the hypothesised model is presented in Figure 1. The hypothesised model was un-identified. 183 
The aim of this validation analysis was to assess the construct validity of the concurrent 184 
version (as opposed to the retrospective version) of the BEBQ in an Australian sample of 185 
mothers of young infants. An iterative process of (i) evaluating the adequacy of the BEBQ 186 
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model, (ii) exploring modifications to improve model fit, and (iii) evaluating the adequacy of 187 
the respecified model(s).  188 
Model fit was assessed using the following indices: root mean-square error of 189 
approximation (RMSEA); normed chi-square (χ2/df); Tucker Lewis Index (TLI)/Non-normed 190 
fit index (NNFI) and Comparative Fit Index (CFI). Smaller values for RMSEA (ideally 191 
≤0.06) and values approaching 0.90 for NNFI/TLI and CFI (ideally >0.90) are indicative of 192 
acceptable model fit to the data (Hu & Bentler, 1999). Normed chi-square (χ2/df) values 193 
between 1.0-2.0 or 2.0-3.0 indicate a good or an acceptable fitting model, respectively 194 
(Byrne, 2001). Residuals, item-factor loadings, factor variance, item variance, and 195 
modification indices (for consideration of potential error co-variances) were also considered 196 
when evaluating model fit. Given that a range is normally proposed for fit indices and that 197 
not all will necessarily meet the ‘ideal’ cut-off criteria, we judged the acceptability of model 198 
fit on the relative closeness of fit indices to the ideal values and whether at least one index 199 
was within the recommended range.  200 
Ten mothers who participated at T4 did not complete the BEBQ. Based on those who 201 
did complete the BEBQ (n=503) there was ≤1.4% missing data for any one of the 18 BEBQ 202 
items. However Little’s MCAR test indicated that data were not missing completely at 203 
random: χ2(375)=560.68, p<0.001. Thus rather than imputing missing values a more 204 
conservative method of listwise deletion was used, reducing the final sample size to 467.  205 
IBM SPSS V21 was used to conduct independent t tests, correlations/partial 206 
correlations and one-way ANOVAs to examine relationships between BEBQ unweighted 207 
subscale means and infant gender, weight and feeding mode, respectively.  208 
209 
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Results 210 
Participant Characteristics 211 
At approximately 4 months postpartum, 467 mothers provided complete data on their infant’s 212 
eating behaviours using the concurrent version of the BEBQ. Mother and infant 213 
characteristics are reported in Table 2. Almost half of the mothers were university educated, 214 
96% were married or living with a partner (defacto) and around three quarters were born in 215 
Australia. Fifty percent of infants were male and at the time of the questionnaire 60% were 216 
exclusively or fully breastfed, 22% were formula fed and 18% were combination breastfed 217 
and formula fed. Thirty percent had been introduced to solids. 218 
Confirmatory Factor Analysis of the BEBQ 219 
The hypothesised model (Model 1; see Figure 1, left panel) showed poor fit in the 220 
sample: χ2/df=3.42 was outside the acceptable range (i.e., between 1.0-3.0) and values of 221 
RMSEA=0.072 (PCLOSE<0.001), TLI/NNFI=0.84 and CFI=0.87 were below desirable 222 
levels. All factor variances were significant (p<0.05) and all factor-item loadings were 223 
significant (p<0.001). All item standardized regression weights were above 0.3 and squared 224 
multiple correlations were above 0.1 except for the items Wants more milk (standardized 225 
regression weight = 0.26, SMC=0.067) and Gets full easily (standardized regression weight = 226 
.24, SMC=.055). It was not possible to delete either item without the model becoming 227 
unidentified. Therefore in an attempt to improve model fit two error co-variances were added 228 
based on examination of modification indices. Specifically in Model 2 (see Figure 1, right 229 
panel) error co-variances were added between the errors for the items (i) Contented and 230 
Becomes distressed (reverse coded) from the Enjoyment of food factor, (ii) Gets full easily 231 
and Gets full before finishing from the Satiety responsiveness factor. Given the obvious 232 
overlap in the content/theoretical basis of the items in pairs (i) and (ii), correlating the error 233 
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terms was considered justifiable. However the re-specified model (Model 2; see Figure 1, 234 
right panel) was not substantively improved: χ2/df=3.12, RMSEA=0.067 (PCLOSE<0.001); 235 
TLI/NNFI=0.86 and CFI=0.89. Furthermore, the variance for the Satiety responsiveness 236 
factor was no longer significant, p>0.16. As per Model 1 all factor-item loadings were 237 
significant, however standardized regression weights for the items Wants more milk (0.26) 238 
and Gets full easily (0.16) were below 0.3 and SMC for the items Sucks slowly (0.091), Wants 239 
more milk (0.067) and Gets full easily (0.025) items were below 0.1.  240 
In light of these results and given the inability to remove any problematic items 241 
without the model becoming unidentified it was decided to test a third model in which the 242 
Satiety responsiveness factor (with 3 items including the problematic Gets full easily item) 243 
was deleted. The purpose of this analysis was to evaluate the factor structure of the 244 
Enjoyment of eating, Food responsiveness and Slowness in eating subscales of the BEBQ. In 245 
the 3-factor Model 3 (see Figure 2) the error co-variance between the two items on the 246 
Enjoyment of food factor specified in Model 2 was retained. The overall fit of Model 3 was 247 
acceptable with fit criteria falling within the acceptable to desirable range, χ2/df=2.65, 248 
RMSEA=0.060 (PCLOSE=0.059); TLI/NNFI=0.91 and CFI=0.93. All factor variances 249 
(p<0.01) and item-factor loadings (p<0.001) were significant, all item standardized regression 250 
weights were >0.3 except for Wants more milk (0.26) and all SMC were >0.1 except for 251 
Sucks slowly (0.091) and Wants more milk (0.067).  252 
Mean scores and internal reliability of the BEBQ 253 
Table 1 shows the mean (SD) and range of scores on each subscale of the BEBQ and the 254 
internal reliability estimates of each. Enjoyment of food was slightly negatively skewed 255 
whereas Satiety responsiveness was slightly positively skewed. The distribution of scores on 256 
Food responsiveness and Slowness in eating subscales was normal. Cronbach’s α for the 257 
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Satiety responsiveness factor was low (0.56) which corroborates the findings of the CFA in 258 
which this factor performed poorly and was ultimately dropped (Model 3, Figure 2). Given 259 
that the reliability of the Satiety responsiveness subscale (Cronbach’s α) was 0.73 in the 260 
sample recruited from the Gemini cohort which had a much lower rate of breastfeeding (33% 261 
at 3 months) (Llewellyn, et al., 2011) than the New Beginnings sample (60% at 4 months), 262 
post hoc reliability analyses of the Satiety responsiveness subscale were conducted to 263 
investigate the possibility that the current items on this subscale do not in fact ‘work’ as well 264 
in a predominantly breastfeeding sample. Thus, the internal consistency of all four BEBQ 265 
subscales by feeding mode (exclusive/fully breastfeeding vs mixed/formula feeding) was 266 
conducted. Internal reliability estimates were found to be similar for mothers who were 267 
breastfeeding only vs those who were mixed/formula feeding for Enjoyment of food 268 
(Cronbach’s α=0.69 vs 0.75), Food responsiveness (Cronbach’s α=0.79 vs 0.80) and 269 
Slowness in eating (Cronbach’s α=0.68 vs 0.72). However, the reliability of Satiety 270 
responsiveness was substantively lower in breastfeeding mothers compared with 271 
mixed/formula feeding mothers (Cronbach’s α=0.50 vs 0.68).  272 
Association between BEBQ subscales and infant characteristics 273 
Gender 274 
Differences on the mean subscale scores according to infant gender were not significant 275 
except for a small difference on Slowness in eating, with boys scoring marginally higher than 276 
girls (mean difference = 0.13, 95%CI: 0.001, 0.26), t(462)=1.97, p=0.049.  277 
Infant weight 278 
Associations between BEBQ subscales and infant weight-for-age Z score were tested via 279 
correlations and partial correlations (adjusting for infant birth weight in order to assess 280 
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change in weight from birth). Enjoyment of food was positively associated with infant weight 281 
(r=0.17, p<0.001; partial r=0.14, p=0.002) however Food responsiveness was not a 282 
significant predictor of infant weight (p values >0.90). Slowness in eating (r=-0.077, 283 
p=0.096; partial r=-0.10, p=0.041) and Satiety responsiveness (r=-0.12, p=0.012; partial r=-284 
0.12, p=0.013) were both negatively associated with infant weight-for-age Z score (although 285 
for the former this was only significant when birth weight was controlled for). 286 
Feeding mode 287 
Mean scores on the BEBQ subscales according to current feeding mode (breastfeeding 288 
[exclusive or fully], formula feeding, and mixed feeding) are presented in Figure 3. For each 289 
of the four subscales a significant effect of feeding mode was found. In summary, infants 290 
who were breastfed were rated higher on Enjoyment of food than both formula fed (p=0.004) 291 
and mixed fed infants (p=0.018), F(2, 463)=7.34, p=0.001. Formula fed infants displayed 292 
lower Food responsiveness than mixed fed infants, p=0.020, F(2, 463)=3.85, p=0.022. 293 
Breastfed infants were rated as slower feeders (i.e., Slowness in eating) than formula fed 294 
infants, p=0.015, F(2, 463)=4.16, p=0.016. Finally, Satiety responsiveness was higher in 295 
formula fed infants than breastfed infants, p=0.001, F(2, 463)=7.20, p=0.001.    296 
  297 
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Discussion 298 
The development of the BEBQ has been an exciting step forward in the area of appetite and 299 
eating behaviour research as it provides a tool for examining distinct eating behaviours in the 300 
first few months of life. The purpose of this study was to use the ‘gold standard’ method of 301 
CFA to evaluate the factorial validity of the 4-factor BEBQ (Llewellyn, et al., 2011) and to 302 
explore associations between the subscales and infant characteristics. In our sample of 303 
Australian mothers of 4-month-old infants the proposed 4-factor model did not provide an 304 
acceptable fit to the data, even following minor model re-specifications that involved the 305 
addition of two error co-variances. Due to invariance of the Satiety responsiveness factor a 306 
new 3-factor model was proposed in which this factor and its three associated items were 307 
removed. Assessed against a selection of fit indices the 3-factor model showed good fit to the 308 
data in this sample. Internal reliability (Cronbach’s α) estimates of the four subscales 309 
supported the utility of the Enjoyment of Food (α=0.73), Food responsiveness (α=0.78) and 310 
Slowness in eating (α=0.68) subscales but again highlighted issues with the Satiety 311 
responsiveness subscale (α=0.56). In terms of associations between infant characteristics and 312 
the BEBQ subscales, feeding mode was found to be related to each subscale and significant 313 
associations with infant weight were also noted for 3/4 subscales.  314 
The CFA carried out as part of the present study extends the initial development of the factor 315 
structure of the BEBQ (Llewellyn, et al., 2011). The overall failure of the hypothesised 4-316 
factor model to ‘fit the data’ appeared to be largely due to issues with the Satiety 317 
responsiveness subscale. The item Gets full easily from this factor performed particularly 318 
poorly however it was not possible to delete problematic items without the model becoming 319 
unidentified. The factor itself also showed invariance which ultimately led to the decision to 320 
test a 3-factor model consisting of only Enjoyment of food, Food responsiveness and 321 
Slowness in eating. Interestingly, in the original development paper it is noted that a fourth 322 
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item which later became a single measure of ‘general appetite’ (My child has a big appetite) 323 
was, prior to the PCA, allocated to the Satiety responsiveness factor. However, due to cross-324 
loading with all four factors this item was separated from Satiety responsiveness resulting in a 325 
3-item subscale. Thus, the small number of items on the subscale may have contributed to the 326 
poor performance of the factor in the CFA and the low internal reliability. Furthermore, the 327 
present items that form the Satiety responsiveness subscale (see Table 1) may not ‘work’ as 328 
well in a predominantly breastfeeding sample and may be interpreted by some parents as 329 
reflecting poor appetite or even feeding difficulties (e.g., My baby finds it difficult to manage 330 
a complete feed). Our post hoc analysis of the reliability of the Satiety responsiveness 331 
subscale indicated that the Cronbach’s α was considerably lower in mothers who were 332 
exclusive/fully breastfeeding mothers compared to those who were mixed/formula feeding 333 
(α=0.50 vs 0.68). Llewellyn et al. (2011) did not identify a similar issue, concluding that the 334 
“Cronbach’s alphas for each subgroup [including feeding mode] were similar to the values 335 
for the whole sample, indicating that the scales had good internal reliability for all the 336 
groups” (p. 392). However, the reliability of this subscale was slightly lower in breastfeeding 337 
(n=770, α =0.67) relative to formula feeding (n=1258, α =0.74) and mixed feeding (n=219, α 338 
=0.83) mothers in the Gemini sample (Llewellyn, et al., 2011).  339 
Taken together, it may be that generation and testing via CFA of new items theorised to 340 
reflect the construct of Satiety responsiveness may be necessary to improve the utility of this 341 
subscale for future research. These issues notwithstanding, the proposed 3-factor model of the 342 
BEBQ provided a good fit to the data. The implications of the present findings for the future 343 
use of the BEBQ will be considered subsequent to discussion of the other key findings.  344 
In the present sample there were no strong gender differences in eating behaviours and 345 
associations with infant weight were small. Research with older children has indicated that 346 
boys were rated as less satiety responsive than girls on the CEBQ (Carnell and Wardle, 347 
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2008), but only small gender differences on the BEBQ factors Food responsiveness and 348 
Satiety responsiveness have previously been noted (Llewellyn, et al., 2011). Similarly, 349 
although associations between factors on the CEBQ and child weight have been consistently 350 
reported (Birch & Fisher, 1998; Sleddens, et al., 2008; Webber, et al., 2008), the associations 351 
observed here between Enjoyment of food, Slowness in eating and Satiety responsiveness and 352 
infant weight/growth were small, albeit statistically significant and in the expected direction. 353 
Variations in age at which the infants were weighed and a lack of standardised protocols for 354 
weighing may have introduced excessive noise (error) into the data and potentially under-355 
estimates effect sizes. It may also be that examining the association between BEBQ factors 356 
and rate of growth (weight gain) during the first year of life will be more informative in terms 357 
of the contribution of these eating behaviours to obesity risk (Baird, et al., 2005; Fisher, et al., 358 
2006; Monteiro & Victora, 2005; Ong, et al., 2006). 359 
Differences in eating behaviours according to current feeding mode were found, and although  360 
similar to the findings of Llewellyn et al. (2011) some of the associations appeared counter 361 
intuitive. Notably, breastfed (exclusively or fully) infants displayed greater enjoyment of 362 
food, fed more slowly, but were reportedly less satiety responsive than formula fed infants. 363 
Regarding the first association, it may be that mothers of babies who in the first few months 364 
of life appear to feed well and enjoy feeding times are more inclined to continue 365 
breastfeeding (exclusively or fully). Indeed, in Australia initiation rates of breastfeeding are 366 
relatively high (88%) (Amir & Donath, 2008) however by one month at least 1:4 have started 367 
using formula (Australian Institute of Health and Welfare, 2011). Qualitative findings 368 
indicate mothers using formula feel guilty, unsupported, confused, stigmatised and are 369 
alienated from the very health professionals who should be providing advice on healthy 370 
feeding (Lakshman, Ogilvie, & Ong, 2009). Thus, a future application of the BEBQ may be 371 
to investigate whether particular lower early infant eating behaviours, such as Enjoyment of 372 
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food, precede mothers’ decision to move to formula feeding.  The findings of such a study 373 
could potentially have clear clinical relevance in terms of supporting women to continue 374 
breastfeeding.  375 
The second association observed between breastfeeding and eating behaviours was that 376 
breastfed infants fed more slowly than formula fed infants. A slower eating rate is 377 
hypothesised to be protective of excess weight gain (Llewellyn, et al., 2011; Wardle, et al., 378 
2001), with research indicating that an avid sucking style in infancy is not only associated 379 
with obesity risk (based on parental weight status) (Milstein, 1980; Stunkard, Berkowitz, 380 
Schoeller, Maislin, & Stallings, 2004) but is prospectively associated with adiposity at age 2 381 
years (Agras, Kraemer, Berkowitz, & Hammer, 1990). Thus, slowness in eating may in part 382 
explain the reduced risk of rapid weight gain in infancy observed in breastfed infants relative 383 
to their formula fed counterparts (Dewey, 1998; Ong, et al., 2006; Sloan, Gildea, Stewart, 384 
Sneddon, & Iwaniec, 2008).  385 
The third association between breastfeeding and Satiety responsiveness may seem 386 
particularly surprising. Although the number of mothers breastfeeding fully or exclusively 387 
was considerably higher in the present sample than in Llewellyn et al.’s  (2011) sample, in 388 
both studies  scores on the Satiety responsiveness subscale were lower in breastfed infants. 389 
These findings are seemingly at odds with the proposition that breastfeeding is an early 390 
means of fostering self-regulation of energy intake whereas formula feeding can involve 391 
inappropriate practices such as excess volume in bottles and ‘encouraging’ infants to finish 392 
the bottle (Li, Fein, & Grummer-Strawn, 2008) which may undermine the infant’s capacity to 393 
self-regulate (Li, Fein, & Grummer-Strawn, 2010). However, at least in the present study this 394 
finding is tempered by the poor performance and low internal reliability of the Satiety 395 
responsiveness factor, particularly in mothers who were breastfeeding fully or exclusively. 396 
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Further development of this subscale (e.g., generation and testing of new items) is warranted 397 
before firmer conclusions regarding this relationship can be made. 398 
Strengths and limitations  399 
This study used a theory-driven validation technique of CFA to extend earlier work in which 400 
the original factor structure was derived using PCA, a data-driven method. The present 401 
sample size was good despite using a listwise deletion approach to manage the issue of data 402 
being ‘missing not completely at random’. Just less than half of the mothers held a university 403 
degree and very few were from low income backgrounds (the majority reported a family 404 
income in excess of AUD70,000 per annum), most were born in Australia and almost all 405 
were married or living with their (defacto) partner. Thus the representativeness of the sample 406 
is in some respects limited and the generalizability of the findings to single mothers and those 407 
from culturally and linguistically diverse backgrounds and low-income groups is unknown. 408 
The lack of a more reliable measure of infant weight through the use of standardised 409 
procedures limited the investigation of associations between the eating behaviour subscales 410 
and infant weight (or indeed rate of growth from birth to T4). Finally, it would have been 411 
ideal to assess the convergent validity of the BEBQ factors with observed feeding behaviours 412 
(e.g., sucking rate) of the infants however this was not feasible within the scope of the New 413 
Beginnings project (de Jersey, et al., 2012). 414 
Conclusion 415 
In this study we evaluated the hypothesised factor structure of the BEBQ and examined 416 
associations between the subscales and infant gender, weight and feeding mode. Our findings 417 
highlight both strengths and weaknesses of the BEBQ as a tool to measure eating styles of 418 
infants during the early months. The factors Enjoyment of food, Food responsiveness and 419 
Slowness in eating performed well in the CFA and showed acceptable internal reliability. 420 
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Feeding mode and infant weight were consistently associated with the BEBQ subscales, 421 
however associations with weight in particular were small. Our key recommendation for 422 
future research is that further development and testing of the Satiety responsiveness factor be 423 
undertaken in order to verify its reliability and validity. In light of these considerations we 424 
predict that use of the BEBQ in future research will likely provide valuable new insights on 425 
the bi-directional feeding relationship between parents and children. Of particular interest 426 
may be whether subscales of the BEBQ are predictive of subsequent parental feeding 427 
practices, infant weight gain and later childhood eating behaviours and obesity risk.  428 
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Table 1. Factors, items, item labels, internal consistency estimates (Cronbach’s α)  and descriptive statistics (M, SD) of the Baby Eating 
Behaviour Questionnaire (Llewellyn, et al., 2011) in a sample of 467 mothers of infants aged M=17 (SD=3) weeks. 
Construct  Item  Item label  α M (SD) Min, Max 
Enjoyment of 
food 
My baby seems contented while feeding contented 
0.73 4.43 (0.51) 2.25, 5  My baby loves milk loves milk My baby becomes distressed while feeding (R) becomes distressed (R) 
My baby enjoys feeding time enjoys feeding 
Food 
responsiveness 
My baby frequently wants more milk than I provide wants more milk 
0.78 2.22 (0.71) 1–4.67 
If allowed to, my baby would take too much milk take too much milk 
Even when my baby has just eaten well he/she is 
happy to feed again if offered 
happy to feed again 
My baby is always demanding a feed demanding feed 
If given the chance, my baby would always be feeding always feeding 
My baby can easily take a feed within 30 minutes of 
the last one 
easily feed 30mins after 
Slowness in 
eating 
My baby finishes feeding quickly (R) finishes quickly (R) 
0.68 2.60 (0.73) 1–5 
My baby takes more than 30 minutes to finish feeding takes more than 30min 
My baby feeds slowly feeds slowly 
My baby sucks more and more slowly during the 
course of a feed 
sucks slowly 
Satiety 
responsiveness 
My baby gets full up easily gets full easily 
0.56 1.97 (0.79) 1–4.67 
My baby gets full before taking all the milk I think 
he/she should have 
gets full before 
finishing 
My baby finds it difficult to manage a complete feed difficult to complete 
feed 
General appetite My baby has a big appetite n/a n/a 3.95 (0.91) 1–5 
(R) = item reverse coded; α refers to Cronbach’s α 
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Table 2. Characteristics of mother-infant dyads (N=467) included in Confirmatory factor 
analysis of the Baby Eating Behaviour Questionnaire (Llewellyn, et al., 2011). 
Characteristic M (SD) or % (count) 
Mother  
Age (n=442) 30 (5) 
Education (University) (n=442) 47 (208) 
Total family income (per annum) (n=387)  
$0-20,000 3 (11) 
$20,001-35,000 3 (13) 
$35,001-50,000 13 (51) 
$50,001-70,000 19 (74) 
$70,001-100,000 32 (123) 
more than $100,000 30 (115) 
Marital status (married/defacto) (n=443) 96 (426) 
Country of birth (Australia) (n=443) 73 (322) 
Self-reported pre-pregnancy BMI (kg/m2) (n=442) 24 (5) 
Previous live births (none) (n=441) 56 (262) 
  
Infant  
Gender (male) (n=466) 50 (233) 
Age at T4 (weeks) (n=455) 17 (3) 
Birth weight (g) (n=466) 3466 (511) 
Weight-for-age Z scorea (n=466) 0.17 (1.0) 
Ever breastfed (yes) (n=465) 96 (448) 
Current feeding mode (n=466)  
Exclusive/fully breastfed 60 (278) 
Formula fed only 22 (105) 
Combination breastfed and formula fed 18 (83) 
Ever been given solids (yes) (n=466) 30 (138) 
  
aCalculated based on infant gender, most recent weight (reported by mother at T4) and exact age (days) at time 
of weight measurement using WHO Anthro version 3.0.1 (World Health Organisation, 2006). 
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Figure 1. Path diagrams of the 4-factor models of the Baby Eating Behaviour Questionnaire (Llewellyn, et al., 2011) with standardised estimates 
(factor-factor and item-factor loadings, item squared multiple correlations and error-covariances) fitted in sample of 467 mother-infant dyads (Model 1: 
left panel, Model 2: right panel). 
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Figure 2. Path diagram of the 3-factor model (Model 3) of the Baby Eating Behaviour 
Questionnaire (Llewellyn, et al., 2011) with standardised estimates (factor-factor and item-factor 
loadings, item squared multiple correlations and error-covariances) fitted in sample of 467 mother-
infant dyads. 
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Figure 3.Mean scores (with standard error bars) on the Baby Eating Behaviour Questionnaire 
(Llewellyn, et al., 2011) subscales (EF: Enjoyment of food; FR: Food responsiveness; SE: Slowness 
in eating; SR: Satiety responsiveness) according to current feeding mode (breastfeeding [BF; 
exclusive or fully]; formula feeding [FF], and combination feeding [Mixed]) at infant age M=17 
(SD=3) weeks. 
 
